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ABSTRACT 

Scudieri,  Philip  Frank,  MSCE,  Purdue  University,  August  1961.   An 
Analysis  of  Photogrammetry  Applied  to  Right-of-Way  Surveys.   Major  Profes- 
sor: Robert  D.  Miles. 

Right-of-way  surveys  are  time  consuming  and  expensive,  and  are  often 
the  cause  of  extended  and  unnecessary  delays  in  highway  construction.  It 
is  believed  that  the  science  of  Photo grammetry  offers  a  possible  time  and 
money  saving  solution  to  this  problem. 

This  thesis  reports  the  results  of  an  application  of  photogrammetric 
methods  in  the  preparation  of  maps  and  descriptions  for  the  acquisition 
of  highway  right-of-way.   The  photogrammetric  study  is  limited  to  the 
available  plotting  equipment  at  Purdue  University  ,  namely  the  standard 
six-inch  focal  length,  double  projection  Kelsh  Plotter. 

A  project  area  was  selected  that  had  previously  been  surveyed  by 
conventional  methods  by  the  Indiana  State  Highway  Commission.   The  pro- 
posed highway  right-of-way  lines  were  obtained  from  the  construction  plans 
provided  by  the  Indiana  State  Highway  Commission.   The  centerline  of  the 
proposed  highway  had  been  marked  on  the  ground  in  a  manner  such  that  it 
could  be  accurately  determined  on  the  aerial  photographs.   This  made  it 
possible  to  photogrammetrically  plot  the  existing  property  lines  rela- 
tive to  the  proposed  highway  right-of-way  lines.   It  was  then  a  matter 
of  scaling  from  the  base  manuscript  the  required  information  necessary 
for  the  right-of-way  acquisition. 
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The  results  of  this  experiment  showed  that  the  photogrammetric  deter- 
mination of  the  various  parcel  areas  to  be  acquired  was  in  close  agree- 
ment with  the  parcel  areas  determined  by  the  Indiana  State  Highway  Commission 
methods.   This  project  also  indicated  a  close  agreement  between  the 
photogrammetric  and  Indiana  State  Highway  Commission  determinations  of 
data  on  which  the  right-of-way  descriptions  were  based. 

This  limited  project  seemed  to  indicate  that  photogrammetric  methods 
were  applicable  to  the  preparation  of  maps  and  descriptions  for  the  ac- 
quisition of  highway  right-of-way. 


AN  ANALYSIS  OF  PHOTOGRAMMETRY 
APPLIED  TO  RIGHT-OF-WAY  SURVEYS 

INTRODUCTION 

Photo  grammet  ry 

Photogrammetry  is  defined  as  "the  science  or  art  of  obtaining  reli- 
able measurements  by  means  of  photography"  (l)*  The  photography  used 
may  be  either  terrestrial  photography  or  aerial  photography.   Aerial 
photography  is  used  most  extensively  in  the  applications  of  photogrammetry 
to  highway  engineering,  and  is  used  in  this  thesis  project. 

The  acquisition  of  right-of-way  for  highway  construction  is  both 
time  consuming  and  expensive.   It  is  believed  that  the  science  of  Photo- 
grammetry offers  a  possible  solution  to  this  problem.   At  present,  all 
data  necessary  for  the  acquisition  of  right-of-way  is  determined  by  the 
Indiana  State  Highway  Commission  by  ground  surveying  methods.   This  re- 
quires that  all  information  necessary  for  right-of-way  surveys  be  deter- 
mined by  three  or  four  man  field  surveying  parties.   All  data  is  placed 
in  a  field  data  book  and,  at  some  later  date,  is  interpreted  by  a  drafts- 
man and  drawn  into  right-of-way  plans.   Photogrammetry  may  possibly 
eliminate  much  of  the  field  work  and  manpower  required  because  the  perti- 
nent data  can  be  plotted  directly  onto  the  base  manuscript  by  a  single 
plotter  operator. 

*  Numbers  in  parentheses  refer  to  the  Bibliography. 


Purpose 
It  is  the  purpose  of  this  thesis  to  investigate  applications  of 
photogrammetry  in  the  development  of  right-of-way  surveys.      This   is  to 
be  accomplished  by  comparing  right-of-way  data  obtained  by  photogram- 
metric  methods  with  data  obtained  by  ground  surveying  methods.      The 
photogrammetric  plotting  is  to  be  performed  using  the  double  projection, 
six-inch  focal  length  Kelsh  Plotter. 

Scope 

The  selection  of  the  site  involved  the  consideration  of  certain 
factors.   It  was  considered  necessary  to  obtain  a  site  which  had  previously 
been  surveyed  by  the  Indiana  State  Highway  Commission.   This  was  necessary 
so  that  comparisons  could  readily  be  made  between  data  obtained  photogram- 
raetrically  and  data  obtained  by  field  surveying  procedures.   The  use  of 
a  previously  surveyed  area  also  helped  minimize  the  amount  of  field  work 
required. 

It  was  also  considered  desirable  to  select  a  site  that  exhibited  both 
urban  and  rural  characteristics.   A  comparison  could  then  be  made  to  deter- 
mine if  the  photogrammetric  procedures  might  possibly  be  more  applicable 
to  one  or  the  other  of  these  areas. 

After  discussion  with  several  members  of  the  staff  of  the  Right-of- 
Way  Division  of  the  Indiana  State  Highway  Commission,  a  site  along  Indiana 
State  Highway  project  465-^+  southwest  of  Indianapolis  was  selected.   The 
section  had  a  total  length  of  slightly  over  one  mile.   A  flight  line 
mosaic  of  the  study  area  is  shown  in  figure  1. 

Several  studies  were  undertaken  as  a  criteria  for  analyzing  the 
applications  of  photogrammetry  in  right-of-way  surveys.   These  studies 
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FLIGHT     LINE     MOSAIC    OF    STUDY     AREA 
FIGURE     I 


included  a  comparison  of  data  obtained  photogrammetrically  with  the  same 
data  obtained  by  ground  surveying  methods.   These  data  included  certain 
areas,  distances,  and  centerline  stations  pertinent  to  right-of-way 
descriptions.   The  various  areas  determined  were:  1)  the  area  needed 
for  acquisition,  2)  area  remaining  after  acquisition,  and,  3)  total  area 
owned. 

The  Indiana  State  Highway  Commission  uses  two  methods  of  writing 
deed  descriptions  for  the  acquisition  of  highway  right-of-way.   One 
method  consists  of  describing  all  of  the  property  as  being  measured  from 
the  centerline  of  the  proposed  highway.   An  example  of  this  type  descrip- 
tion is  shown  in  figure  2  for  the  property  shown  in  figure  3»   When  con- 
demnation proceedings  are  filed  for  a  particular  property,  the  second  method 
of  description  is  used.   This  method  consists  of  describing  the  property 
to  be  taken  by  metes  and  bounds,  that  is,  by  giving  bearings  and  distances 
along  the  boundary  of  the  property. 

It  was  not  feasible  to  compare  each  deed  description  prepared  by 
field  survey  methods  with  the  deed  descriptions  for  the  same  area  pre- 
pared by  photo grammetric  methods.   The  reason  for  this  was  that  at  the 
time  this  report  was  written  the  Indiana  State  Highway  Commission  had  not 
completed  all  the  deed  descriptions.   The  data  from  which  the  deed  descrip- 
tions would  be  written  were  available.   It  was,  therefore,  possible  to 
compare  these  data  with  photogrammetrically  obtained  data. 
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PREVIOUS  INVESTIGATION 

European  surveyors  were  using  photogrammetry  for  cadastral  surveying 
as  early  as  1931  (2).   Today,  photogrammetry  of  the  highest  precision  is 
used  routinely,  especially  in  Switzerland  and  Austria. 

In  the  United  States,  the  application  of  photogrammetry  to  cadastral 
surveying  has  received  relatively  little  attention.   One  experiment  in 
this  regard  has  been  performed  under  the  direction  of  J.  E.  King,  Chief, 
Cartographic  Section,  Division  of  Engineering,  United  States  Forest  Service 
(3).   The  United  States  Forest  Service  has  the  responsibility  of  managing 
and  administering  180,000,000  acres  of  national  forest  lands.   Within  the 
national  forest  lands  there  are  250,000  miles  of  property  boundaries. 
Because  of  the  urgent  need  for  accurate  and  adequate  property  line  deter- 
mination, restoration,  and  perpetuation,  the  Forest  Service  has  been 
actively  engaged  in  developing  and  putting  into  effect  a  practical  and 
acceptable  method  of  photogrammetric  cadastral  surveys.   The  Forest  Ser- 
vice feels  that  photogrammetry  represents  a  method  for  efficiently  and 
economically  resolving  the  increasing  problems  of  land  ownership  which 
now  exist  (3). 

The  only  reported  application  of  photogrammetry  by  a  highway  depart- 
ment in  the  preparation  of  right-of-way  maps  and  deeds  was  a  project 
performed  by  the  Texas  Highway  Department  in  the  Dallas  District  in  1958 
and  1959  (O.   The  Texas  Highway  Department  during  this  period  prepared 
right-of-way  maps  and  deeds  from  information  furnished  by  aerial  photo- 
grammetric engineers.  Private  photogrammetric  companies  contracted  to 


compile  the  photogrammetric  information.   The  companies  furnished  maps 
showing  both  planimetric  and  topographic  details  to  certain  specified 
requirements.   Basically,  the  requirements  were  for  maps  to  be  compiled 
by  photogrammetric  methods  at  a  scale  of  one-inch  equals  20  feet.   The 
horizontal  accuracy  requirement  was  specified  so  as  not  to  exceed  0.5 
feet  of  true  distance,  and  the  vertical  accuracy  requirement  was  to  be 
within  0.3  feet  of  true  elevation.   These  projects  were  performed  using 
universal  type  photogrammetric  plotters. 

The  first  contract  was  performed  in  1958  and  pertained  to  a  highway 
in  an  urban  area  with  the  strip  varying  in  width  from  1200  to  2^.00  feet. 
The  2J+00  foot  sections  were  used  for  interchange  areas.   The  1200  foot 
sections  were  used  in  non-interchange  areas.   Experience  indicated  the 
1200  foot  sections  to  be  unnecessarily  large,  and,  on  a  later  contract, 
the  width  was  reduced  to  760  feet.   This  represented  a  considerable  saving. 

In  addition  to  the  planimetric  details  for  right-of-way  studies , 
the  map  also  showed  contour  lines.   The  Texas  Highway  Department  felt 
that  these  topographic  maps  were  well  worth  the  additional  expense  because 
of  the  cross-section  and  drainage  data  that  could  be  obtained  without 
field  surveys  (U). 

Illustrative  of  the  savings  both  in  time  and  money,  the  Texas  High- 
way Department  sited  the  following  example  in  their  August  I960  issue  of 
Texas  Highway  Magazine ; 

"On  a  one-mile  section  through  a  heavy  residential  area 
in  the  city  of  Dallas,  the  Department  spent  about  $18,000.00 
and  nearly  one  year  of  surveying  and  drafting  time  developing 
a  map  (scale  1"  =  40')  showing  both  topographic  and  planimetric 
details.   In  our  first  aerial  contract  we  received  the  plani- 
metric and  topographic  maps  covering  a  2.  5  mile  section  through 
the  same  type  of  residential  area  only  four  months  after  the 
contract  was  awarded.  The  cost  -  $12,000.00  per  mile.  These 


maps  actually  showed  three  times  as  much  detail  as  the  maps  pre- 
pared by  the  conventional  survey.   With  these  brief  statistics 
we  might  say  that  through  photogrammetry  the  Department  realized 
a  saving  of  approximately  30  percent  in  cost,  800  percent  in  time 
and  obtained  three  times  as  much  detail.   It  is  our  firm  opinion 
that  these  features  are  located  more  accurately  by  photogrammetry 
than  by  our  usual  field  methods.   We  consistently  had  less  trouble 
relating  property  lines  to  physical  features  such  as  fences  and 
building  lines.  "  (/») 

The  above  paragraph  pertains  to  the  planimetric  and  topographic  maps 
as  the  Texas  Highway  Department  receives  them  from  the  aerial  contractor. 
After  receiving  these  maps,  the  Texas  Highway  Department  personnel  make 
a  field  edit  and  note  the  type  and  condition  of  each  improvement  on  a 
print  of  the  planimetric  map  (O.   There  are  two  reasons  for  doing  this: 
first,  to  check  for  omissions  of  improvements;  and  second,  for  future 
reference  when  making  economic  studies  in  determining  the  right-of-way 
acquisition. 

The  Texas  Highway  Department  prepares  a  preliminary  right-of-way 
plan  to  assist  the  title  company  in  their  project  of  furnishing  the  de- 
partment with  a  copy  of  each  property  owner's  deed.   The  department  ac- 
complishes this  by  obtaining  photographic  copies  of  maps  and  plats  of 
official  recorded  subdivisions  from  the  county  clerk's  office,  as  well 
as  prints  of  the  county  plats  of  efich  survey  or  city  block  through  which 
the  new  project  is  to  be  developed.   The  information  is  then  assembled 
into  a  preliminary  or  tentative  right-of-way  plan  for  the  abstract  or 
title  company's  convenience.   It  may  be  added,  that  the  above  mentioned 
plats  also  furnish  a  good  check  on  the  photogrammetric  dimensions  of  each 
block  and  also  help  verify  the  owner's  deed  (4). 

After  all  the  ownership  data  are  acquired  from  the  title  company  as- 
signed to  a  given  right-of-way  project,  the  block  lines  and  street  rights- 
of-way  are  developed.   There  are  two  methods  of  accomplishing  this : 
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The  first  method  is  that  of  calculation.   This  method  is 
used  in  urban  areas  where  surveyors  have  actually  established 
and  marked  the  street  intersections,  and  where  the  coordinates 
of  each  block  corner  have  been  computed.   The  distances  between 
each  corner  are  then  checked  against  each  owner's  deed  and  the 
official  plat.   If  there  is  no  appreciable  discrepancy  within  a 
given  block,  the  lot  lines  and  property  lines  are  then  plotted 
on  the  planimetric  maps  (4). 

The  second  method  of  developing  the  property  lines  is  by 
careful  scaling  of  the  prepared  maps.   It  is  necessary  to  resort 
to  this  method  in  areas  where  surveyors  have  never  established 
or  marked  the  street  intersections.   In  this  method  the  plani- 
metric sheets  are  carefully  taped  to  the  adjoining  sheet  to 
form  a  map  of  a  good  portion  of  the  whole  project.   The  block 
lines  and  lot  lines  are  then  plotted  on  the  map.   If  appreciable 
discrepancies  occur,  the  Texas  Highway  Department  then  has  to 
resort  to  field  surveys.   It  is  stated  that  the  department  feels 
the  assembled  planimetric  maps  are  not  a  wasted  effort  when 
these  discrepancies  occur  as  they  have  proved  very  helpful  in 
giving  the  field  party  a  comprehensive  view  of  the  area  to  be 
surveyed  (/*.)• 

After  all  of  the  property  has  been  developed  on  the  planimetric 
sheets,  these  maps  are  placed  over  a  roadway  layout.   This  layout  shows 
the  geometric  design,  slope  and  ditch  lines,  and,  as  well  as  possible, 
retaining  wall  locations.   The  overlay  is  then  carefully  studied  to  deter- 
mine the  most  economical  and  beneficial  type  of  location  and  improvement. 
In  cases  where  items  of  major  right-of-way  expense  are  involved,  the  econo- 
mic studies  are  made  by  both  engineers  and  appraisers.   After  these  studies 
have  been  performed,  the  right-of-way  lines  are  drawn  on  the  planimetric 
property  map  in  a  location  to  provide  the  necessary  right-of-way  width  to 
accomodate  the  proposed  construction. 

"The  exact  location  of  the  intersection  of  each  property 
line  with  the  right-of-way  is  determined  by  scaling  a  distance 
to  the  outside  corner  of  each  property  and  subtracting  this 
set  distance  from  the  total  dimension  called  for  in  the  owner's 
deed."  (4) 


11 


"The  deed  descriptions  are  written  to  clearly  define  the 
property  to  remain  and  should  the  owner  desire  to  have  his 
remainder  surveyed,  we  feel  it  could  only  affect  the  location 
of  our  right-of-way  line  a  maximum  of  six  inches."  (4) 

The  Texas  Highway  Department  has  developed  deed  descriptions  for  over 

1000  parcels  of  land  by  photogrammetric  methods,  and  have  acquired  over 

600  of  these  without  having  encountered  any  major  problems  (4). 
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EQUIPMENT 

Aerial  Camera 

The  aerial  photography  for  this  study  was  made  by  the  Indiana  State 
Highway  Commission  using  a  Kargl  modified  K-17  precision  aerial  camera. 
The  distortion  characteristics  for  this  camera  were  obtained  from  a  report 
by  the  National  Bureau  of  Standards  and  are  summarized  in  figure  4   (5)» 
Figure  4  also  shows  distortion  curves  referred  to  the  equivalent  focal 
length  and  calibrated  focal  length  respectively. 

The   camera  uses  a  Bausch  and  Lamb  Metrogon  Lens  with  a  nominal  fo- 
cal length  of  six  inches  and  a  maximum  aperture  of  f/6.3«     The  equivalent 
focal  length  and  the  calibrated  focal  length  are  153 • 25mm  and  153.20mra 
respectively. 

Surveying  Equipment 

The  vertical  control  for  this  project  was  established  with  the  use 
of  a  self-leveling  level.     This  level  had  a  compensating  pendulum  prism 
which  (after  only  minor  adjustments)  allows  it  to  automatically  set  its 
own  level  sight.     Considerable  tirae  saving  was  realized  by  the  use  of  this 
type  of  level. 

The  centerline  check  and  horizontal  control  vre  re  established  with 
the  use  of  a  20  second  transit  and  a  standard  100  foot  steel  chain. 

Kelsh  Plotter 
The  phot ogramme trie  plotter  used  in  this  study  is  the  standard  six- 
inch  focal  length  Kelsh  Plotter.     The  plotter  uses  an  optical  dichromatic 
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projection  system.   The  viewing  system  is  based  on  the  anaglyph  principle. 
In  this  system,  narrow  beams  of  red  and  blue  monochromatic  light  are  pro- 
jected through  0.06-inch  glass  diapositives  and  the  projector  lenses  to 
the  platen  of  the  tracing  table.   The  platen  is  then  raised  or  lowered  to 
focus  the  two  independent  images.   By  viewing  the  images  through  spectacles 
having  filters  of  the  corresponding  complimentary  colors,  a  three-dimen- 
sional model  is  perceived.   The  plotter  incorporates  a  series  of  correlated 
parallelograms  such  that  a  floating  mark,  centered  on  the  platen,  can 
provide  a  means  of  measurement  within  the  stereoscopic  model.   The  rela- 
tive vertical  motion  of  the  floating  mark  with  respect  to  the  model  is 
obtained  by  raising  or  lowering  the  platen,  and  this  motion  is  measured 
by  means  of  a  height-indicating  scale.   Horizontal  motion  is  obtained  by 
sliding  the  tracing  table  on  which  the  platen  is  mounted  along  the  map 
surface;  this  motion  is  recorded  by  means  of  a  pencil  mounted  directly 
below  the  floating  mark.   A  double  projection  plotter  of  this  type  is  not 
readily  adaptable  to  bridging  of  control  from  model  to  model.   For  the  most 
part,  this  is  not  a  serious  problem  in  large  scale  highway  projects  be- 
cause the  ground  control  used  in  establishing  the  centerline  is  usually 
already  available.   The  orientation  procedure  of  the  photogrammetric 
plotter  can  basically  be  divided  into  three  parts. 

Interior  Orientation 

Interior  orientation  is  the  procedure  of  adjusting  the 
glass  diapositive  to  a  position  on  the  plotter  projector  that 
will  allow  the  cone  of  light  rays  emanating  from  a  projector 
station  to  be  essentially  identical  to  the  cone  of  rays  that 
entered  the  camera  lens  at  the  instant  of  exposure.   This  is 
accomplished  when  the  geometric  relationship  of  the  emulsion 
surface  of  the  diapositive  to  the  perspective  center  of  the 
projector  lens  is  equivalent  to  that  which  existed  between 
the  corresponding  negative  and  the  camera  lens.   The  geometric 
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relationship  is  achieved  by  alignment  of  camera  collimating 
marks  with  calibrated  plate  holders. 


Relative  Orientation 

The  purpose  of  relative  orientation  of  the  plotter  projectors 
is  to  reconstruct  the  same  perspective  condition  that  existed  at 
the  time  the  stereoscopic  pair  of  photographs  were  exposed.   Re- 
construction is  achieved  by  a  systematic  procedure  of  rotational 
movements  to  the  projectors.   Images  are  observed  on  the  platen 
of  the  tracing  table  until  conjugate  images  are  made  to  coincide 
over  the  entire  model  area.   There  are  two  general  methods  of 
obtaining  relative  orientation.   The  one  projector  method  and 
the  "swing  swing"  method.   The  one  projector  method  is  applic- 
able only  to  those  plotters  equipped  with  Y  and  Z  motions.   The 
"swing  swing"  method  is  applicable  to  all  plotters.   The  plotter 
for  this  project  does  not  have  a  Z-motion  therefore  the  "swing 
swing"  method  of  orientation  is  used  (l).   In  this  method  the 
Y-parallax  is  observed  at  five  points  per  model  and  is  cleared 
by  making  swing,  Y-tilt,  and  X-tilt  adjustments  of  the  projectors 
for  each  point  observed. 


Absolute  Orientation 

The  stereoscopic  model  formed  upon  completion  of  the  relative 
orientation  has  an  unknown  scale  and  an  undetermined  relationship 
to  the  horizontal  and  vertical  datum.   The  absolute  orientation 
process  relates  the  scale  and  horizontal  position  of  the  model 
to  the  horizontal  control  plotted  on  the  vertical  datum  and  also 
adjusts  the  plane  of  the  model  so  that  it  is  parallel  to  the  re- 
ference surface.   The  two  adjustments  referred  to  are  more  commonly 
termed  "scaling  the  model"  and  "leveling  the  model",  respectively. 
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PROCEDURE 


Centerline  Check 


The  project  site  was  surveyed  by  the  Indiana  State  Highway  Commis- 
sion approximately  three  years  ago.   Because  of  the  possibility  of  the 
stakes  having  been  disturbed  during  this  time  lapse,  it  was  necessary  to 
check  the  distances  and  alignment  of  all  centerline  stakes  in  the  pro- 
ject area.   It  was  very  important  to  have  these  stakes  accurately  located 
because  they  were  to  be  used  as  the  basis  for  establishing  horizontal 
control.   The  check  and  replacement  of  the  centerline  stakes  was  accomplish- 
ed by  utilizing  the  construction  plans  provided  by  the  Indiana  State  High- 
way Commission.   A  three  man  survey  party  replaced  and  checked  the  centerline 
stakes  in  approximately  seven  hours. 

Horizontal  Control 
The  FCelsh  Plotter  requires  horizontal  control  for  each  stereoscopic 
model.   The  horizontal  control  is  necessary  in  the  absolute  orientation 
procedure  to  establish  an  accurate  scale  for  the  plotted  manuscript. 
Basically,  to  establish  the  horizontal  control  it  is  necessary  to  target 
certain  ground  points  along  the  centerline  of  the  proposed  highway  such 
that  these  points  can  be  readily  identified  on  the  aerial  photographs  and 
on  the  corresponding  diapositives.   The  distances  between  these  points  are 
also  determined.   These  points  are  used  both  to  establish  the  base  line 
(also  the  proposed  centerline)  and  to  identify  the  horizontal  control 
points  on  the  base  manuscript. 
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It  was  important  to  keep  the  number  of  targets  required  to  a  minimum. 
It  was  estimated  that  in  order  to  have  at  least  the  minimum  required  two 
ground  control  points  in  each  stereoscopic  model  the  targets  could  be 
placed  a  maximum  of  675  feet  apart.   However,  because  of  inconsistencies 
of  flying  speed  and  of  elevation  of  the  aircraft  and  because  of  lack  of 
definition  and  clearness  due  to  distortion  at  the  edges  of  air  photographs, 
it  was  decided  that  the  targets  would  be  placed  a  maximum  of  500  feet 
apart  on  the  centerline  of  the  proposed  highway. 

There  were  several  cases  in  which  the  targets  were  placed  less  than 
500  feet  apart.   It  was  necessary  to  avoid  areas  in  which  there  was  a 
possibility  of  the  targets  being  disturbed.   It  was  also  essential  to  avoid 
areas  where  the  targets  would  not  be  visible  on  the  aerial  photographs. 
A  diagram  showing  the  arrangement  of  targets  used  both  for  horizontal  con- 
trol and  for  establishing  the  base  line  is  shown  in  figure  5, 

Targets  of  several  different  sizes  and  shapes  made  of  white  muslin 
were  used.   The  dimensions  and  shapes  are  shown  in  figure  6.   Those  tar- 
gets used  to  designate  the  proposed  centerline  were  all  of  the  same  size 
and  shape,  and  were  made  by  forming  a  cross  consisting  of  strips  five 
feet  in  length  by  six  inches  in  width.   Slits  were  cut  in  the  middle  of 
each  strip  of  cloth  so  that  they  could  be  slipped  over  the  centerline 
stakes.   They  were  then  weighted  down  by  rocks.   It  was  important  to  cut 
all  brush  in  the  vicinity  of  the  flagged  area  flush  with  the  ground  so 
that  the  targets  would  lie  as  flat  as  possible  and  also  so  that  no  sha- 
dows would  be  cast. 

The  accuracy  of  the  photogrammetric  base  map  can  be  no  greater  than 
the  accuracy  of  the  target  placement  on  the  ground;  therefore,  it  is 
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extremely  important  to  place  the  targets  in  their  proper  positions.   The 
accuracy  of  the  base  map  can  also  be  no  greater  than  the  accuracy  of  the 
measurement  of  the  image  of  the  target  obtained  on  the  aerial  photographs. 
Since  the  image  clarity  is  dependent  upon  the  size  and  shape  of  the  tar- 
get utilized,  it  is  important  that  the  proper  size  and  shape  of  target 
be  used. 

Aerial  Photography 

Aerial  photography  of  the  project  area  was  obtained  by  the  Indiana 
State  Highway  Commission  on  November  28,  I960.   The  photography  was  taken 
from  an  altitude  of  1,500  feet  above  the  average  ground  elevation.   This 
altitude  provided  a  contact  photo  scale  of  approximately  one-inch  equals 
250  feet  and  a  manuscript  plotting  scale  of  one-inch  equals  50  feet. 

The  diapositives  were  prepared  on  Q 06-inch  sensitized  glass  plates 
printed  with  the  emulsion  side  up.   The  diapositives  were  generally  of 
good  quality.  One  model,  however,  could  not  be  oriented  stereoscopically. 
This  was  due  to  the  presence  of  an  air  pocket  encountered  by  the  airplane 
during  the  filming,  process.   This  air  pocket  caused  a  sudden  change  in 
the  altitude  of  the  airplane  which  made  it  impossible  to  establish  this 
model  on  the  plotter.   If  the  plotter  used  in  this  project  had  been  equip- 
ped with  a  Z-motion  (on  individual  projectors),  it  would  probably  have 
been  possible  to  clear  this  model.   Fortunately,  sufficient  information 
was  obtained  from  the  two  adjoining  models  so  that  this  particular  model 
was  not  needed. 

Vertical  Control 
Vertical  control  for  every  stereoscopic  model  is  required.   The 
vertical  control  is  needed  in  the  absolute  orientation  procedure  so  that 
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the  plane  of  the  model  can  be  made  parallel  to  the  reference  surface. 
Since  a  plane  is  determined  by  three  points,  technically  only  three  pro- 
perly distributed  vertical  control  points  are  needed  to  level  a  model. 
However,  to  serve  as  a  check,  four  or  five  vertical  control  points  are 
normally  established.   The  distribution  of  vertical  control  points  used 
on  the  research  project  is  shown  in  figure  5. 

There  are  two  general  procedures  used  in  establishing  vertical  con- 
trol.  In  one  method  the  vertical  control  points  are  established  before 
the  aerial  photographs  are  taken.   In  the  other  method  the  vertical  con- 
trol points  are  obtained  after  the  aerial  photographs  have  been  taken. 
This  latter  method  appears  easier  and  more  efficient  because  the  photo- 
graphs themselves  are  used  to  select  vertical  control  points  that  are 
easily  recognized.   Also,  control  points  are  selected  so  that  they  can 
serve  more  than  one  stereoscopic  pair;  hence,  the  number  of  control  points 
is  kept  to  a  minimum. 

It  is  best  to  locate  vertical  control  points  in  relatively  flat  areas. 
This  helps  to  minimize  errors  that  occur  during  the  leveling  of  a  model 
when  the  floating  dot  is  not  placed  exactly  on  the  same  spot  as  the  level 
rod  is  placed  during  the  field  work.   Another  important  criteria  in  choos- 
ing vertical  control  points  is  to  select  them  in  such  a  manner  that  shadows 
are  not  cast.   This  is  another  definite  advantage  of  using  the  aerial 
photographs  to  choose  the  vertical  control  points  because  the  aerial  photo- 
graphs clearly  show  any  shadows  that  are  cast  at  the  time  of  photography. 

All  vertical  control  points  were  selected  from  the  aerial  photographs. 
The  elevations  of  these  control  points  were  measured  to  the  nearest  0.01 
foot  by  means  of  a  self-leveling  level.   The  survey  level  notes  were  kept 
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in  standard  form  with  a  code  number  to  identify  each  control  point.   These 
code  numbers  were  marked  on  the  photographs  and  all  corresponding  eleva- 
tions were  marked  on  the  back  of  each  photograph.   This  procedure  expedited 
the  leveling  process  during  absolute  orientation. 

Seven  stereo  models  were  used  to  cover  the  area  of  this  research 
project.   These  seven  models  required  22  vertical  control  points  to  satis- 
fy the  leveling  requirements  for  the  Kelsh  Plotter.   The  22  vertical  con- 
trol points  were  established  in  approximately  7.  5  hours  by  a  three  man 
survey  party.   Approximately  one  hour  was  required  to  predetermine  the 
location  of  these  control  points. 

Preparation  of  Base  Manuscript 

The  manuscript  for  this  project  was  plotted  on  stable  drafting  cloth. 
This  tracing  cloth  had  a  polyester  film  base  which  makes  it  less  suscept- 
ible to  expansion  and  shrinkage  caused  by  temperature  and  humidity  changes. 
All  plotting  on  the  manuscript  was  performed  at  a  scale  of  one-inch  equals 
50  feet. 

The  centerline  of  the  proposed  highway  and  all  horizontal  control 
points  (flagged  centerline  stations)  were  carefully  drawn  on  the  manu- 
script.  The  corresponding  stations  were  marked  beside  each  of  the  target 
points.   This  made  the  "scaling  of  the  model"  during  the  absolute  orien- 
tation much  easier.   This  was  because  "scaling  the  model"  was  now  simply 
a  matter  of  shifting  the  stereoscopic  model  until  the  target  images  cast 
by  the  platen  were  superimposed  with  the  previously  plotted  flags. 

The  next  step  after  the  centerline  and  all  horizontal  control  points 
had  been  drawn  on  the  base  manuscript  was  to  draw  the  proposed  highway 
right-of-way  lines  on  the  base  manuscript.   This  was  accomplished  by  using 
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as  a  reference  the  construction  plans  of  the  research  project  area  fur- 
nished by  the  Indiana  State  Highway  Commission.   However,  these  highway 
right-of-way  lines  could  also  have  been  established  by  photogrammetric 
means.   Briefly,  this  could  be  accomplished  by  photogrammetrically  plot- 
ting a  ground  profile  and  cross-section  along  the  proposed  centerline  of 
the  road.   The  final  grade  of  the  roadway  could  then  be  established. 
Knowing  the  final  grade  of  the  road  and  having  the  cross-section  data 
available,  the  construction  limits  of  the  project  could  be  established. 
The  right-of-way  width  could  then  be  determined  by  making  sure  that  enough 
land  was  acquired  to  contain  the  construction  limits.   Of  course,  other 
criteria  such  as  minimum  right-of-way  requirements  for  certain  type  roads 
and  the  damages'  resulting  to  remaining  property,  etc.  ,  would  have  to  be 
considered,  but  this  information  could  be  obtained  without  additional 
surveying  work, 

Photor rammetric  Compilation 
After  the  preparatory  data  had  been  drawn  on  the  base  manuscript, 
the  manuscript  was  ready  for  the  photogrammetric  plotting.   The  initial 
plotting  effort  was  primarily  for  the  purpose  of  plotting  the  existing 
property  lines  of  that  property  crossed  by  the  proposed  highway  right-of- 
way.   It  should  be  emphasized  that  all  photogrammetric  plotting  of  the 
property  lines  must  norrally  be  performed  in  conjunction  with  deed  de- 
scriptions, subdivision  plats,  or  other  legal  documents  available  that 
might  possibly  help  determine  the  location  of  the  property  lines.   Be- 
cause slightly  different  problems  were  encountered  in  the  plotting  of  the 
urban  and  rural  areas,  the  photogrammetric  plottings  of  these  areas  will 
be  discussed  separately. 
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Urban  Area 

Probably  the  most  frequent  indication  of  the  proximity  of  a  property 
line  on  the  aerial  photographs  is  the  existing  fence  line.   One  of  the 
obvious  problems  associated  wi th  the  use  of  fence  lines  to  show  an  exist- 
ing property  line,  is  the  fact  that  fences  are  not  located  on  every  pro- 
perty.  For  example,  in  urban  areas,  many  front  property  lines  are  not 
shown  by  fences.   Likewise,  many  side  yard  fences  are  lacking.   Frequently, 
in  place  of  side  yard  fences  there  occurs  a  row  of  trees  or  a  cluster  of 
bushes  or  shrubs.   These  tree  rows,  bushes,  shrubs,  etc.  are  possibly  an 
indication  of  a  property  line,  but  are  not  considered  to  be  nearly  as  ac- 
curate or  as  dependable  as  fence  lines.   Another  approximate  indication 
of  a  property  line  is  the  tonal  difference  that  exists  in  the  aerial 
photograph  patterns  of  two  adjoining  yards.   This  tonal  difference  may 
be  caused  by  the  yards  having  different  grass  types  and/or  by  the  lawns 
being  mowed  at  different  times.   The  mowing  of  the  lawn  at  different  times 
allows  the  grass  to  become  longer  in  one  of  the  yards  and  also  possibly 
dryer  thus  imparting  a  different  photo-tone. 

Paved  streets  can  be  an  aid  in  front  yard  property  line  locations. 
The  paved  streets  can  be  easily  determined  on  large  scale  aerial  photo- 
graphs and  easily  plotted  on  a  base  manuscript.   The  paved  street  itself 
often  does  not  directly  indicate  a  property  line,  but  the  property  line 
or  street  right-of-way  line  usually  can  be  located  a  definite  distance 
from  the  edge  of  the  street  or  from  the  edge  of  the  curb.   Subdivision 
plats  give  sufficient  information  such  that  the  street  right-of-way  lines 
can  be  plotted  by  simply  scaling  certain  distances  from  the  pavement. 
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In  some  instances  the  street  right-of-way  line  on  one  side  is  easily- 
discernible  on  the  aerial  photographs,  but  the  right-of-way  line  on  the 
other  side  is  not.   In  this  case,  if  the  total  right-of-way  width  is  known, 
the  unknown  right-of-way  line  is  easily  established  by  scaling.   Again, 
the  needed  information  may  be  obtained  from  subdivision  plats. 

Some  cities  have  certain  standard  engineering  procedures  which  are 
an  aid  in  the  location  of  property  lines.   For  example,  in  some  cities 
the  utility  and  telephone  poles  and  the  fire  hydrants  are  located  a  cer- 
tain distance  within  the  street  right-of-way.   In  some  cities,  the  backs 
of  sidewalks  fronting  a  street  are  placed  so  that  one  edge  of  the  side- 
walk represents  the  street  right-of-way  line.   Information  of  this  nature, 
of  course,  varies  from  city  to  city  and  must  be  determined  in  each  parti- 
cular area. 

In  this  research  project,  the  location  of  street  right-of-way  lines 
for  unpaved  streets  was  much  more  difficult  than  the  location  of  right-of- 
way  lines  for  paved  streets.   On  the  unimproved  roads,  the  side  ditch  and 
surrounding  area  blended  with  the  road  itself.   On  gravel  roads  the  stone 
was  often  pushed  and  shoved  beyond  or  less  than  the  actual  limits  of  the 
road.   These  factors  made  the  accurate  location  of  the  road  right-of-way 
on  the  stereoscopic  model  much  more  difficult.   Possible  indications  of 
the  right-of-way,  other  than  the  road  itself,  were  the  ends  of  private 
driveways  and  sidewalks.   It  was  observed  that  Drivate  concrete  or  asphalt 
driveways  were  often  built  within  the  limits  of  private  property.   Thus, 
the  ends  of  driveways  were  a  possible  indication  of  the  street  right-  of- 
way  line.   Similarly,  private  sidewalks  and  retaining  walls  were  indica- 
tions of  the  street  right-of-way  line.   Many  of  these  indications  of 
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property  lines  might  not  be  reliable,  especially  when  used  individually. 
However,  when  all  things  had  been  considered  (including  subdivision  plats, 
legal  descriptions,  etc. )  and  these  showed  close  agreement,  there  was  a 
good  possibility  that  a  fairly  accurate  solution  had  been  obtained. 

Rural  Areas 

In  rural  areas,  the  fence  line  was  also  the  best  indication  of  the 
property  line  when  related  to  official  records.   Here,  again,  the  problem 
of  fences  not  occurring  on  every  property  arose.   The  problem  of  lack  of 
fences  occurred  most  frequently  in  low  swampy  areas  and  in  other  places 
where  the  land  was  of  little  value.   Even  when  the  fences  were  present  it 
was  often  difficult  to  determine  their  exact  location  because  of  the  weeds 
and  vines.   Sometimes  these  vines  growing  on  the  fences  would  cast  a  dense, 
even  shadow.   In  this  instance,  the  plotting  of  a  line  at  the  base  of  this 
shadow  gave  a  good  location  of  the  fence  line;  thus,  a  fairly  good  indica- 
tion of  the  property  line. 

Variations  in  crops  and  variations  in  the  use  of  particular  fields 
show  quite  readily  on  aerial  photographs.   In  some  cases,  the  visible 
differences  in  pattern  and  photo-tone  is  a  possible  indication  of  a  pro- 
perty line.   Of  course,  this  is  only  an  approximate  indication  but  it  can, 
in  many  instances,  prove  most  helpful.   Tree  and  shrub  rows  are  also  used 
as  approximate  indicators. 

Cultural  Features 
It  was  necessary  to  plot  all  structures,  streets,  private  drives, 
sidewalks,  utility  poles,  the  larger  trees  and  shrubs,  and  all  other 
pertinent  cultural  features  that  would  affect  the  cost  of  the  right-of- 
way.   The  roofs  of  all  structures  were  plotted  rather  than  the  sides  of 
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the  structures.   For  obvious  reasons,  the  structures  determined  by  photo- 
grammetric  means  generally  showed  larger  dimensions  than  the  dimensions 
of  the  same  structures  determined  by  standard  procedures.   This  did  not 
pose  any  serious  problems  with  regard  to  the  accuracy  of  the  location  of 
structures  for  right-of-way  purposes.   It  did,  however,  make  the  compar- 
ison of  the  location  of  various  structures  as  determined  by  both  field 
and  photogrammetric  methods  somewhat  more  difficult. 

The  methods  of  determining  this  information  in  the  field  requires 
that  right  angle  measurements  be  made  to  all  structures  and  that  the  base 
dimensions  of  the  structures  be  determined.   This  information  is  deciphered 
by  a  draftsman  in  the  office  and  plotted  in  its  designated  position. 
Photogrammetric  plotting  eliminates  the  necessity  of  most  field  measure- 
ments and  considerably  lessens  the  amount  of  drafting  time  required. 

Measuring  Phase 

After  the  plotting  was  completed,  the  amount  of  land  that  was  to  be 
acquired  from  each  property  owner  was  determined.   It  also  was  necessary 
to  determine  the  total  property  owned  and  the  amount  of  property  remain- 
ing after  the  acquisition  by  the  Indiana  State  Highway  Commission.   The 
amount  of  property  remaining  was  further  subdivided  into  the  amount  re- 
maining on  the  right  of  the  proposed  road  and  the  amount  remaining  on 
the  left  of  the  proposed  road.   This  information  was  essential  to  the 
appraiser  in  determining  the  severance  damage  occurring  to  the  remaining 
property  and  in  determining  the  amount  to  be  paid  for  the  acquired  land. 

The  various  land  areas  mentioned  above  were  calculated  by  two  dif- 
ferent methods.   The  first  method  utilized  a  planimeter.   The  planimeter 
was  circumscribed  about  each  particular  area  marked  on  the  base  manuscript 
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from  three  to  five  tiir.es  and  the  average  value  recorded.   All  planimeter 
readings  were  obtained  to  the  nearest  0. 01  square-inch  and  converted  to 
acres.   The  approximate  time  to  plot  and  calculate  the  various  areas  re- 
quired was  12  hours. 

The  second  method  of  determining  these  areas  was  by  scaling  from 
the  base  manuscript.   If  the  shape  of  the  area  to  be  determined  was  ap- 
proximately rectangular,  the  opposite  sides  of  the  rectangle  could  be 
scaled  and  the  average  values  used  to  determine  the  area.   If  the  area 
was  irregularly  shaped,  but  with  no  curved  sides,  the  area  was  subdivided 
into  convenient  triangles  and  rectangles.   The  areas  of  the  individual  tri- 
angles and  rectangles  were  then  determined  by  scaling  procedures  and  summed 
to  give  the  area  of  the  original  irregularly  shaped  parcel.   If  an  area 
had  a  curved  side  as  one  of  its  boundaries,  the  scaling  method  was  not 
used  to  measure  the  area.   In  this  case,  the  planimeter  method  was  employed. 
All  distances  were  scaled  and  interpolated  to  the  nearest  0.1  foot. 

The  comparison  of  deed  descriptions  by  both  field  surveying  and 
photoprammetric  methods  was  not  directly  possible.   To  circumvent  this 
problem  it  was  decided  to  compare  the  available  data  which  would  later  be 
used  to  write  the  deed  descriptions. 

For  deed  descriptions  based  on  the  centerline  it  was  essential  to 
know:  1)  the  station  where  the  property  line  and  centerline  intersect, 
2)  the  distance  to  the  right  or  the  left  of  the  centerline  of  every  inter- 
section of  the  right-of-way  line  and  property  line,  and  3)  the  station 
of  every  break  or  change  in  distance  from  the  centerline  to  the  right-of- 
way  line.   In  the  photograranetric  procedures  all  information  was  obtained 
by  scaling  from  the  photograinnetrically  plotted  base  manuscript. 
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The  data  pertinent  in  the  writing  of  metes  and  bounds  descriptions 
were  the  distance  from  the  centerline  and  the  station  on  the  centerline 
of  every  right-of-way  corner.   It  was  necessary  to  measure  all  distances 
at  right  angles  to  the  centerline.   This  was  accomplished  by  sliding  a 
right  triangle  along  the  centerline  until  one  edge  of  the  triangle  co- 
incided with  the  point  to  be  measured.   A  mark  was  then  made  on  the 
centerline.   The  distance  from  the  mark  to  the  point  was  carefully  scaled 
giving  the  right  angle  distance  needed.   The  distance  from  the  mark  to 
a  known  station  on  the  centerline  was  also  carefully  scaled  giving  the 
centerline  station  of  the  point. 
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ANALYSIS  AND  RESULTS 


Areas 


In  all  highway  right-of-way  surveys  it  is  necessary  to  determine 
certain  pertinent  areas.   The  most  important  area  is  the  area  necessary 
for  acquisition.   Other  areas  which  are  of  value  in  the  acquisition  of 
highway  right-of-way  are  the  total  area  of  the  property  from  which  the 
acquisition  is  being  made  and  the  area  that  is  remaining  after  the  ac- 
quired portion  is  subtracted  from  the  total  area.   The  remaining  areas 
are  divided  into  the  area  remaining  on  the  left  of  the  highway  right- 
of-way  and  the  area  remaining  on  the  right  of  the  highway  right-of-way. 
All  these  areas  had  been  determined  by  the  Indiana  State  Highway  Com- 
mission and  tabulated  on  the  highway  construction  plans* 

In  this  project,  all  these  areas  are  plotted  on  the  base  manuscript 
by  photogrammetric  means.   These  areas  are  then  measured  by  two  different 
methods.   These  methods  are  the  planimeter  method  and  the  scaling  method. 
The  results  of  measurements  of  area  by  planimeter ing,  scaling,  and  as 
determined  by  the  Indiana  State  Highway  Commission  are  tabulated  in  table 
1. 

Table  1  shows  that  of  the  68  areas  calculated  by  both  the  planimeter 
and  scaling  methods  there  are  no  variations  between  the  two  methods  greater 
than  0.01  acre.   Thirty-eight  of  the  68  areas  measured  the  same  by  both 
scaling  and  planimetering.   The  other  30  measurements  vary  by  only  0.01 
acre.   This  definitely  indicates  that,  with  the  degree  of  accuracy 
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required,  there  is  no  appreciable  difference  in  the  planimeter  and  scaling 
methods  of  measuring  areas.   Because  it  is  much  less  time  consuming  to 
measure  the  same  areas  by  the  scaling  method  than  by  the  planimeter  method, 
the  scaling  method  is  preferred.   However,  if  the  boundary  being  measured 
contains  a  curved  segment,  the  planimeter  method  is  employed  because  of 
the  difficulty  of  scaling  on  a  curved  boundary. 

The  area  which  is  needed  for  highway  right-of-way  acquisition  as 
determined  both  by  Indiana  State  Highway  Commission  personnel  and  by 
photogrammetric  methods  is  shown  in  table  2.   This  table  gives  the  dif- 
ference between  the  photogrammetric  and  Indiana  State  Highway  Commission 
area  determinations  in  either  0.01  acre  or  square-feet.   This  table  also 
gives  the  percent  variation  which  is  determined  by  dividing  the  difference 
between  the  photogrammetric  and  Indiana  State  Highway  Commission  area 
determinations  by  the  Indiana  State  Highway  Commission  area  determination 
of  the  area  for  right-of-way  acquisition.   This  variation  is  not  considered 
the  error  in  photogrammetric  measurement  because  the  areas  calculated  by 
Indiana  State  Highway  Commission  personnel  may  possibly  be  in  error. 

It  is  observed  (table  2)  that  six  of  the  23  individual  parcels  deter- 
mined by  the  planimeter  method  (column  6)  vary  from  Indiana  State  Highway 
Commission  determinations  by  more  than  four  percent.   Five  of  the  six 
largest  variations  involve  areas  of  0.23  acre  or  less  (columns  1,  2,  and 
3).   There  are  five  of  the  21  parcels  determined  by  the  scaling  method 
(column  7)  that  vary  from  Indiana  State  Highway  Commission  determinations 
by  more  than  four  percent.   All  five  of  these  involve  areas  of  0.23  acre 
or  less.   As  expected,  the  largest  variations  occur  among  the  smaller 
areas  measured.   With  regard  to  accuracy,  this  indicates  that  photogram- 
metric techniques  may  be  more  applicable  to  rural  areas  than  to  urban 
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areas.   This  is  not  only  because  of  the  fact  that  smaller  percent  varia- 
tions occur  among  the  larger  plots,  but  also  because  rural  lands  are  less 
valuable  and  do  not  generally  require  as  high  a  degree  of  accuracy  of 
measurement. 

The  frequency  tabulation  and  frequency  polygon  of  the  differences 
in  areas  needed  for  right-of-\vay  acquisition  as  determined  by  both  photo- 
grammetric  (scaling  and  planimeter)  and  Indiana  State  Highway  Commission 
methods  are  shown  in  figure  7.   This  figure  is  determined  from  the  infor- 
mation given  in  table  2,      The  maximum  difference  in  areas  between  the  two 
methods  is  0. 03  acre.   This  maximum  difference  occurs  in  three  of  the  23 
areas  measured  by  the  planimeter  method  and  in  two  of  the  21  areas  mea- 
sured by  the  scaling  method.   Figure  7  also  shows  that  nine  of  the  areas 
measured  by  both  the  planimeter  and  scaling  methods  have  zero  variation, 
and  that  17  of  the  23  planimeter  areas  and  16  of  the  21  scaling  areas 
vary  by  0.01  acre  or  less.   The  magnitude  and  frequency  of  these  varia- 
tions indicate  very  good  agreement  between  the  photogrammetric  and  field 
survey  methods  of  determining  right-of-way  acquisition. 

The  total  area  owned  by  each  property  owner  from  which  land  has  to 
be  acquired  for  the  proposed  highway  is  shown  in  table  3.   This  table 
shows  the  difference  in  areas  (0.01  acre)  between  the  total  areas  as  ob- 
tained by  the  Indiana  State  Highway  Commission  and  the  same  areas  deter- 
mined by  the  photogrammetric  (scaling  and  planimeter)  methods.   This  table 
also  gives  the  percent  variation  which  is  determined  by  dividing  the 
difference  between  the  photogrammetric  and  Indiana  State  Highway  Commis- 
sion area  determinations  by  the  Indiana  State  Highway  Commission  area 
determination  of  the  total  area  owned. 
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The  percent  variation  column  in  table  3  shows  relatively  small  dif- 
ferences.  One  of  the  20  areas  determined  by  the  planimeter  method  and 
two  of  the  20  areas  determined  by  the  scaling  method  have  variations  greater 
than  five  percent.   The  maximum  variations  are  8. 2  and  8. 7  percent.   The 
largest  variation  generally  occurs  for  the  smaller  areas  again  indicating 
that  photogrammetric  techniques  may  be  more  applicable  to  rural  areas. 

The  frequency  tabulation  and  frequency  polygon  of  the  differences 
between  the  total  areas  listed  for  the  Indiana  State  Highway  Commission 
and  the  total  areas  determined  photogrammetrically  is  shown  in  figure  8. 
This  table  shows  that  12  of  the  20  areas  determined  by  the  planimeter 
method  and  13  of  the  20  areas  determined  by  the  scaling  method  vary  by 
0.01  acre  or  less.   There  are  four  total  areas  for  both  the  planimeter 
and  scaling  methods  which  vary  from  Indiana  State  Highway  Commission 
quantities  by  more  than  0.05  acre.   These  differences  generally  occur 
for  large  areas;  hence,  the  percent  variations  are  not  excessively  large. 
Table  3  and  figure  8  indicate  good  agreement  between  the  photogrammetric 
determinations  and  the  Indiana  State  Highway  Commission  listings  of  the 
total  areas  of  each  property  involved  in  right-of-way  acquisition. 

The  total  areas  listed  by  the  Indiana  State  Highway  Commission  are 
not  calculated,  but  are  taken  directly  from  the  deed  descriptions.   The 
actual  determination  of  total  area  (owned  by  each  property  owner)  by 
field  surveying  methods  is  a  tremendous  undertaking  and  economically  un- 
feasible for  highway  right-of-way  surveying.   At  present,  deed  descrip- 
tions furnish  this  information,  but  occasionally  the  deed  descriptions 
lack  this  information  or  are  of  such  an  age  that  some  of  the  areas  given 
are  unreliable.   E*y  means  of  photogrammetry,  the  total  areas  of  most  par- 
cels can  be  determined  fairly  easily,  and  can  be  used  as  a  check  on  the 
deed  description  information. 
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Not  all  of  the  total  areas  can  be  determined  by  photo grammetry  be- 
cause some  of  the  boundaries  extended  beyond  the  limits  of  the  photographs. 
In  this  project  20  of  the  23  areas  are  determined  by  photogrammetric  means. 
However,  with  respect  to  table  1,  it  is  shown  that  most  of  the  parcels  in 
the  supposedly  rural  part  of  the  study  are  much  smaller  than  the  rural 
areas  that  normally  are  encountered.   The  problem  of  not  being  able  to 
determine  the  total  area  owned  is  encountered  more  frequently  when  rural 
areas  with  large  size  farms  prevail.   The  main  purpose  of  determining  the 
total  areas  of  each  property  owner  involved  is  to  give  some  idea  of  what 
affect  the  highway  acquisition  will  have  on  the  remaining  part.   In  most 
instances,  if  the  farms  are  relatively  large,  the  amount  of  land  acquired 
for  the  highway  will  be  relatively  small  and  an  accurate  determination  of 
the  total  area  owned  is  unnecessary. 

In  this  project,  all  section  corners  are  located  outside  the  coverage 
of  the  photographs.  This  is  a  definite  disadvantage  because  of  the  valu- 
able reference  which  the  section  corner  provides.   A  possible  remedy  to 
this  problem  is  the  use  of  smaller  scale  photographs.   However,  this  means 
sacrificing  the  accuracy  which  the  larger  scale  photographs  provide,  and 
is  not  feasible  for  this  type  project. 

The  area  remaining  to  the  left  of  the  right-of-way  acquired  from 
each  property  is  shown  in  table  4.   Table  U   shows  the  differences  between 
the  photogrammetric  and  Indiana  State  Highway  Commission  determination  of 
the  areas.   This  table  also  gives  the  percent  variation  which  is  deter- 
mined by  dividing  the  difference  between  the  photogrammetric  and  Indiana 
State  Highway  Commission  area  determinations  by  the  Indiana  State  Highway 
Commission  area  determination  of  the  area  remaining  left  of  the  highway 
right-of-way. 
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It  is  shown  in  table  U   that  six  of  the  12  areas  determined  by  the 
planimeter  method  vary  from  the  Indiana  State  Highway  Commission  methods 
by  more  than  five  percent.   Five  of  the  12  areas  determined  by  the  scal- 
ing method  vary  more  than  five  percent.   The  maximum  variation  for  both 
methods  is  11. 1  percent.   Of  the  six  areas  determined  by  the  planimeter 
method  with  variations  greater  than  five  percent,  four  are  areas  involv- 
ing less  than  0. 20  acre.   Of  the  five  areas  determined  by  the  scaling 
method  with  variations  greater  than  five  percent,  three  involve  areas  of 
less  than  0.20  acre.   This  indicates  that  the  largest  percent  variations 
occur  for  the  smaller  areas  measured;  hence,  photogrammetric  techniques 
may  be  more  applicable  to  rural  areas. 

The  frequency  tabulation  and  frequency  polygon  of  the  differences 
in  area  remaining  to  the  left  of  the  proposed  highway  right-of-way  is 
shown  in  figure  9.   This  table  shows  that  eight  of  the  12  remaining  areas 
determined  for  both  the  planimeter  and  scaling  methods  vary  by  0. 01  acre 
or  less.   The  frequency  of  these  small  variations  indicate  good  agree- 
ment between  the  photogrammetric  and  Indiana  State  Highway  Commission 
determination  of  areas  remaining  on  the  left  of  the  right-of-way  to  be 
acquired. 

The  area  remaining  to  the  right  of  the  right-of-way  acquired  from 
each  property  owner  is  shown  in  table  5.   Table  5  shows  the  differences 
between  the  photogrammetric  and  Indiana  State  Highway  Commission  deter- 
minations of  these  areas.   This  table  also  gives  the  percent  variation 
which  is  determined  by  dividing  the  difference  between  the  photogrammetric 
and  Indiana  State  Highway  Commission  area  determinations  by  the  Indiana 
State  Highway  Commission  area  determinations  of  the  area  remaining  on  the 
right  of  the  highway  right-of-way. 
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It  is  shown  in  table  5  that  six  of  the  15  areas  determined  by  the 
planimeter  method  have  variations  greater  than  five  percent.   Seven  of 
the  15  areas  determined  by  the  scaling  method  have  variations  greater 
than  five  percent.   The  maximum  variation  for  both  methods  is  12,9  per- 
cent.  Of  the  six  largest  percent  variations  determined  by  the  planimeter 
method,  four  involve  areas  of  less  than  0.31  acre  and  all  six  involve 
areas  of  0.  57  acre  or  less.   Of  the  seven  largest  percent  variations 
determined  by  the  scaling  method,  five  involve  areas  of  0.31  acre  or  less 
and  all  seven  involve  areas  of  0,  57  acre  or  less.   This  indicates  that 
the  largest  percent  variations  occur  for  the  smaller  areas  measured; 
hence,  photogrammetric  techniques  may  be  more  applicable  to  rural  areas. 

The  frequency  tabulation  and  frequency  polygon  of  the  differences 
in  areas  remaining  to  the  right  of  the  proposed  highway  right-of-way  is 
shown  in  figure  10.   This  table  shows  that  12  of  the  15  remaining  areas 
determined  for  both  the  planimeter  and  scaling  methods  vary  by  0.01  acre 
or  less.   The  size  and  frequency  of  these  variations  indicate  good  agree- 
ment between  the  photogrammetric  and  Indiana  State  Highway  Commission 
determination  of  areas  remaining  on  the  right  of  the  right-of-way  to  be 
acquired. 

Cultural  Data 
An  analysis  of  the  accuracy  of  location  of  cultural  objects  was  ac- 
complished by  comparing  the  location  of  the  cultural  objects  determined 
photogrammetrically  with  the  location  of  the  same  cultural  objects  deter- 
mined by  field  survey  methods.   On  the  construction  plans  furnished  by 
the  Indiana  State  Highway  Commission  each  cultural  object  was  located  by 
a  station  on  the  centerline  and  a  distance  from  the  centerline.  This 
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same  information  was  obtained  from  the  photogrammetric  base  manuscript 
for  each  cultural  object  and  a  comparison  was  then  made  with  the  center- 
line  stations  and  distances  given  on  the  construction  plans.   Structures 
with  over-hanging  roofs  were  not  used  in  the  comparisons  because,  in  the 
field  methods,  the  sides  of  structures  were  determined  to  locate  the 
structure  and,  in  photogrammetric  methods,  the  roof  was  used  to  locate 
the  structure. 

Table  6  lists  a  comparison  of  centerline  stations  and  table  7  lists 
a  comparison  of  distances  from  the  centerline  for  various  cultural  objects 
determined  by  both  methods.   The  data  used  in  the  comparisons  represent 
only  a  random  sample  of  the  total  data.   Table  6  shows  that  the  average 
absolute  variation  between  the  centerline  stations  of  objects  determined 
by  both  methods  is  0. 87  feet.   Table  7  shows  that  the  average  absolute 
variation  of  distances  to  the  cultural  objects  determined  by  both  methods 
is  0.7  feet.   These  small  variations  indicate  that  the  location  of  cul- 
tural objects  by  photogrammetric  means  at  the  scale  used  in  this  project 
are  generally  of  sufficient  accuracy  for  right-of-way  surveys. 

Deed  Descriptions  Based  on  Centerline 
The  stations,  determined  photogrammetrically,  of  the  fence  line  inter- 
section with  the  centerline  are  scaled  from  the  base  manuscript  (scale  one- 
inch  equals  50  feet).   However,  since  the  deed  descriptions  are  not  available, 
these  centerline  stations  for  the  Indiana  State  Highway  Commission  method 
have  to  be  determined  from  another  source.   On  the  construction  plans  a 
centerline  station  and  a  distance  from  the  centerline  are  given  for  each 
fence  corner.   With  this  information  known  it  is  possible  by  interpolation 
to  determine  the  station  where  the  fence  line  intersects  the  proposed 


52 


TABLE  6 
COMPARISON  OF  CENTERLINE  STATIONS  OF  CULTURAL  OBJECTS 


Indiana  State 

Photogrammetric 

Highway  Commission 

Difference 

+39.0 

+38.7 

0.3 

+47.2 

+47.0 

0.2 

+23.5 

+23.0 

0.5 

+  02.2 

+02.0 

0.2 

+02.9 

+04.0 

1.1 

+15.8 

+14.0 

1.8 

+40.0 

+42.0 

2.0 

+  26.4 

+24.0 

2.4* 

+49.6 

+48.5 

1.1 

+91.5 

+91.0 

0.5 

+  82.5 

+  84.0 

1.5 

+  55.0 

+55.0 

0.0 

+  59.2 

+  59.0 

0.2 

+60.2 

+60.0 

0.2 
12.2 

Average  Absolute  Variation  =  12.2  =  0.  87  feet 

14 

*  Maximum  Variation  =  2. 4  feet 
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TABLE  7 
COMPARISON  OF  DISTANCES  TO  CULTURAL  OBJECTS 


Indiana 

State 

Photo grammetric 

Highway  Commission 

Difference 

17.0 

17.0 

0.0 

8.0 

7.5 

0.5 

12.5 

13.0 

0.5 

75.0 

76.0 

1.0 

28.0 

29.5 

1.5* 

67.0 

68.0 

1.0 

96.0 

95.5 

0.5 

57.0 

56.0 

1.0 

10.0 

10.0 

0.0 

50.0 

49.0 

1.0 
7.0 

Average  Absolute  Variation  =  7.0  =  0.  7  feet 

10 

*  Maximum  Variation  =  1.  5  feet 
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centerline.   Normally,  the  Indiana  State  Highway  Commission  does  not  per- 
form this  much  work  to  determine  this  stationj  the  Commission  would  simply 
scale  this  station  directly  from  the  construction  plans  (one-inch  equals 
100  feet).   For  the  purposes  of  this  study  the  interpolation  procedure 
seems  to  provide  more  accurate  comparisons. 

It  is  not  necessary  to  compare  the  distances  to  the  right-of-way 
lines  since  these  distances  are  the  same  for  both  the  photogrammetric 
and  the  Indiana  State  Highway  Commission  methods.   The  right-of-way  widths 
shown  on  the  construction  plans  are  used  on  the  photogrammetric  base  manu- 
script in  order  that  area  comparisons  can  be  made  of  the  same  areas. 

The  stations  at  which  the  property  line  intersects  the  centerline 
are  shown  in  table  8  for  both  the  photogrammetric  and  the  Indiana  State 
Highway  Commission  methods.   The  absolute  value  of  the  difference  in  feet 
is  also  shown  in  column  3  for  each  station.   The  sum  of  this  column  divided 
by  the  number  of  values  used  gives  an  average  absolute  variation  of  0,  89 
feet.   This,  again,  does  not  mean  that  the  photogrammetric  readings  are 
in  error  by  0.89  feet,  it  only  means  that  the  photogrammetric  readings 
vary  from  the  Indiana  State  Highway  Commission  readings  by  an  average  of 
0.  89  feet.   When  it  is  considered  that  the  Indiana  State  Highway  Commission 
normally  scales  this  centerline  station  from  construction  plans  (scale 
one-inch  equals  100  feet),  and  that  in  the  scaling  process  an  error  of 
the  above  magnitude  can  easily  occur,  this  value  (0.89  feet)  does  not 
seem  to  be  an  unnecessarily  large  variation.   In  view  of  the  present 
Indiana  State  Highway  Commission  methods  of  determining  this  centerline 
station  and  in  view  of  the  magnitude  of  the  average  variation,  the  com- 
parison of  photogrammetrically  obtained  data  can  be  considered  to  be  in 
good  agreement. 
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TABLE  8 

COMPARISON  OF  INTERSECTION  OF  CENTERLINE 

WITH  PROPERTY  LINE  (feet) 

Indiana  State 
Photogrammetric   Highway  Commission   Variation 


1.0 
0.9 
1.2 
0.5 
1.4 
1.9* 
0.7 
0.7 
0.8 
1.0 
0.0 
0.6 
1.7 
1.3 
0.6 
0.0 
14.3 


+21.1 

+20.1 

+46.9 

+46.0 

+11.0 

+12.2 

+  58.5 

+  58.0 

+50.8 

+  52.2 

+  51.7 

+49.8 

+00.9 

+01.6 

+41.3 

+4?.0 

+01.8 

+01.0 

+62.5 

+61.5 

+82.0 

+82.0 

+  01.4 

+02.0 

+59.3 

+61.0 

+81.1 

+82.5 

+04.1 

+03.5 

+  62.4 

+62.4 

Average  Absolute  Variation  =  14.  3  =  0. 89  feet 
*  Maximum  Variation  =  1.  9  feet 
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Deed  Descriptions  Based  on  Metes  and  Bounds 
To  make  a  metes  and  bounds  description  in  a  manner  similar  to  that 
of  the  Indiana  State  Highway  Commission  it  is  necessary  to  determine  the 
station  on  the  centerline  and  the  distance  from  the  centerline  of  every 
right-of-way  corner.   This  information  is  determined  by  scaling  from  the 
base  manuscript.   Similarly,  the  distances  and  stations  of  every  property 
corner  can  be  established  on  the  base  manuscript.   Since  this  information 
is  given  directly  on  the  Indiana  State  Highway  Commission  construction 
plans,  the  comparison  is  made  between  these  data  and  the  data  obtained  from 
the  photogrammetric  procedures.   The  stations  on  the  centerlines  of  these 
property  corners  are  shown  for  both  the  photogrammetric  and  Indiana  State 
Highway  Commission  methods  in  table  9. 

The  average  absolute  variation  (in  feet)  for  the  centerline  stations 
of  the  property  corners  is  1.35  feet.   It  was  emphasized  previously  that 
all  plotting  should  normally  be  accomplished  with  the  aid  of  any  deed  de- 
scriptions, subdivision  plats,  and  any  other  documents  that  might  be  of 
assistance.   However,  nearly  this  entire  project  was  plotted  without  the 
aid  of  this  additional  information.   The  main  purpose  of  this  is  to  pre- 
vent the  use  of  any  prejudiced  information.   Table  9  shows  that  the  aver- 
age absolute  difference  between  stations  is  1, 35  feet.   This  table  also 
shows  that  six  of  the  20  stations  vary  by  more  than  two  feet.   Upon  re- 
checking  these  six  property  corners  on  the  base  manuscript,  it  was  found 
that  these  property  corners  were  the  most  difficult  to  detect.   However, 
there  were  property  lines  nearby  which  were  accurately  located  photogram- 
metrically  and  which  could  have  been  used  as  a  check  on  these  property 
corners.  The  check  could  have  been  made  by  scaling  the  distances  given 
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TABLE  9 
COMPARISON  OF  CENTERLINE  STATIONS  OF  PROPERTY  CORNERS 

Indiana  State 
Photogrammetric   Highway  Commission   Variation 


0.1 
0.8 
0.8 
3.  5* 
1.5 
2.5 
1.3 
1.0 
0.2 
0.5 
1.0 
2.4 
0.5 
2.8 
0.9 
0.1 
2.1 
1.2 
1.0 
2.8 
27.0 


+99.1 

+99.0 

+08.8 

+08.0 

+76.2 

+77.0 

+84.5 

+88.0 

+55.5 

+57.0 

+63.5 

+66.0 

+96.7 

+99.0 

+05.0 

+0O.0 

+78.2 

+78.0 

+85.5 

+86.0 

+66.0 

+65.0 

+36.6 

+39.0 

+45.5 

+45.0 

+96.8 

+99.6 

+04.9 

+04.0 

+15.1 

+15.0 

+47.5 

+44.6 

+  56.2 

+55.0 

+47.0 

+46.0 

+55.2 

+  58.0 

Average  Absolute  Variation  ■  27.0  "  1.35  feet 

20 

*  Maximum  Variation  =3.5  feet 
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on  the  subdivision  plat  from  the  reliable  property  line  plotted.   In  all 
probability  this  procedure  would  have  decreased  the  amount  of  variation. 

A  comparison  is  also  made  of  the  distances  determined  both  photo- 
grammetrically  and  by  field  surveying  methods  to  the  property  corners. 
These  comparisons  are  listed  in  table  10.   From  this  table  the  average 
absolute  variation  between  the  two  methods  is  calculated  to  be  0.  82  feet. 
The  differences  in  these  distances  is  fairly  consistent  with  the  maximum 
variation  being  1, 5  feet.   There  is  some  question  whether  an  average  vari- 
ation of  this  size  is  acceptable  in  metes  and  bounds  descriptions.   However, 
since  the  Indiana  State  Highway  Commission  does  not  turn  right  angles 
with  a  transit  to  measure  each  distance  (economically  unfeasible),  the 
Commission's  measurements  may  be  somewhat  in  error  and  the  variation  of 
0.82  feet  may  not  be  excessively  large. 

Because  of  the  magnitude  of  the  average  absolute  variation  of  the 
differences  in  centerline  stations  (1.35  feet)  and  also  because  of  the 
magnitude  of  the  average  absolute  variation  of  the  distance  to  the  center- 
line  (0.82  feet)  comparison  of  photo grammetric  and  Indiana  State  Highway 
Commission  determinations  of  data  needed  for  metes  and  bounds  descriptions 
may  be  considered  in  fair  agreement. 
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TABLE  10 
COMPARISON  OF  DISTANCES  TO  PROPERTY  CORNERS 


Indiana  State 

Photogramraetry 

Highway  Commission 

Difference 

156.5 

157.5 

1.0 

157.0 

157.5 

0.5 

156.5 

155.5 

1.0 

157.0 

157.5 

0.5 

156.7 

156.5 

0.2 

157.0 

156.5 

0.5 

157.1 

156.0 

1.1 

156.6 

156.5 

0.1 

158.0 

156.5 

1.5* 

156.0 

155.5 

0.5 

158.0 

159.0 

1.0 

156.0 

155.0 

1.0 

158.7 

159.6 

0.9 

155.5 

154.5 

1.0 

158.6 

159.5 

0.9 

155.5 

154.5 

1.0 

159.4 

159.2 

0.2 

155.0 

155.6 

0.6 

160.2 

161.5 

1.3 

154.0 

152.5 

16.3 

Average  Absolute  Variation  ■  16.3  ■  0. 82  feet 

20 

*  Maximum  Variations  ■  1.  5  feet 
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SUMMARY  AND  CONCLUSIONS 

Evaluation  of  Study  Conditions 

In  reviewing  the  conditions  under  which  this  project  was  performed, 
it  was  seen  that  there  were  certain  limitations  which  had  an  affect  upon 
this  study.   One  of  the  limiting  factors  was  the  element  of  time.   The 
research  was  performed  at  uneven  intervals  and  at  short  periods  of  time. 
This  fact  made  it  impossible  to  compare  the  time  consumed  by  photogram- 
metric  methods  of  making  a  right-of-way  survey  with  time  consumed  by  field 
methods  of  making  a  right-of-way  survey.   A  comparison  of  the  costs  of 
these  two  methods  was  also  impractical  because  the  aerial  photographs  were 
only  used  for  right-of-way  purposes.   In  actual  practice,  the  photographs 
would  be  employed  by  a  highway  department  for  many  different  studies  and 
surveys. 

Another  limiting  factor  involved  was  the  problem  of  comparing  the 
results  of  phbtogrammetric  methods  with  the  results  of  field  survey  methods. 
This  was  difficult  because  there  were  no  commonly  accepted  accuracy  limits 
for  right-of-way  field  survey  methods.   One  reason  for  this  was  the  fact 
that  it  was  impossible  and  entirely  uneconomical  to  measure  every  angle 
of  every  property  acquisition  with  a  transit.   Because  of  this,  distances 
at  approximate  right  angles  must  often  be  relied  upon  for  accuracy. 
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Conclusions 
From  the  analysis  and  results  of  this  study,  it  may  be  concluded 
that: 

1.  The  planimeter  and  scaling  methods  used  in  measuring  the  various 
areas  gave  results  of  similar  accuracy.   All  68  areas  measured 
by  both  methods  agreed  within  0.01  acre.   The  scaling  methos  was 
to  be  preferred  when  the  area  did  not  contain  a  curved  boundary 
because  it  was  much  less  time  consuming.   The  planimeter  method 
was  preferred  when  curved  boundaries  were  involved. 

2.  The  areas  required  for  acquisition  as  determined  by  the  photo- 
grammetric  methods  were  generally  in  good  aggrement  with  the  same 
areas  determined  by  Indiana  State  Highway  Commission  procedures. 
Seventeen  of  23  areas  measured  by  the  planimeter  method  and  16 

of  21  areas  measured  by  the  scaling  method  varied  by  0.01  acre 
or  less. 

3.  The  total  areas  of  each  land  owner  determined  photogrammetrically 
were  in  good  agreement  with  the  areas  given  on  the  deed  descrip- 
tions.  Nineteen  of  the  20  areas  determined  by  the  planimeter 
method  and  18  of  the  20  areas  determined  by  the  scaling  method 
had  variations  less  than  five  percent. 

A..   The  areas  remaining  to  the  left  of  the  acquired  right-of-way 
determined  photogrammetrically  were  in  good  aggrement  with  the 
same  areas  determined  by  Indiana  State  Highway  Commission  pro- 
cedures.  Eight  of  the  12  areas  determined  by  both  the  planimeter 
and  the  scaling  methods  varied  0.01  acre  or  less. 

5.  The  areas  remaining  to  the  right  of  the  acquired  right-of-way 
determined  photogrammetrically  were  in  good  agreement  with  the 
same  areas  determined  by  Indiana  State  Highway  Commission 
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procedures.   Twelve  of  15  areas  determined  by  both  the  planimeter 
and  the  scaling  methods  varied  by  0.01  acre  or  less. 

6.  The  percent  variations  for  the  various  areas  were  generally  larger 
for  the  smaller  areas  measured. 

7.  The  photogrammetric  methods  were  more  applicable  in  rural  areas 
than  in  urban  areas. 

8.  The  cultural  features  could  generally  be  located  more  rapidly  by 
photogrammetric  methods,  at  the  scale  used  in  this  project,  and 
to  an  accuracy  generally  acceptable  for  highway  right-of-way 
acquisition.  The  average  absolute  variation  between  the  center- 
line  stations  of  cultural  objects  determined  by  both  methods  was 
0. 87  feet.   The  average  absolute  variation  of  distances  to  the 
cultural  objects  determined  by  both  methods  was  0.7  feet. 

9.  The  comparison  of  photogrammetric  data  needed  for  the  writing  of 
deed  descriptions  based  on  the  centerline  was  generally  in  good 
agreement  with  the  same  data  determined  by  field  survey  methods. 
The  average  absolute  variation  between  the  centerline  stations  was 
0.89  feet. 

10.  The  comparison  of  photogrammetric  data  needed  for  the  writing  of 
deed  descriptions  based  on  metes  and  bounds  descriptions  was 
generally  in  fair  agreement  with  the  same  data  determined  by  field 
survey  methods.   The  average  absolute  variation  in  the  centerline 
stations  of  property  corners  as  determined  by  both  methods  was 
1.35  feet.   The  average  absolute  variation  in  distances  to  the 
property  corner  was  0.82  feet. 

11.  A  double  projection  plotter  of  the  Kelsh  type  was  satisfactory, 
at  the  scale  used  in  this  project,  for  plotting  the  data  needed 
for  right-of-way  acquisition. 
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RECOMMENDATIONS 

Due  to  the  favorable  results  of  this  project,  it  is  recommended  that 
further  study  be  undertaken  of  a  more  extensive  nature.   A  more  extensive 
study  should  include:  a  minimum  length  of  two  miles;  an  area  including  a 
complete  interchange;  an  area  partially  rural  and  partially  urban;  a  road 
partially  tangent  and  partially  curved;  and  aerial  photographs  obtained 
at  different  flying  heights  in  order  to  provide  different  scales  for  ac- 
curacy comparisons.   The  area  should  also  have  previously  been  carefully 
surveyed  by  precise  field  survey  methods  in  order  to  provide  an  accurate 
base  for  the  photogrammetric  comparisons. 


BIBLIOGRAPHY 


64 


BIBLIOGRAPHY 


List  of  References 


1.  American  Society  of  Photogrammetry,  Manual  of  Photogrammetry,  Menasha, 
Wisconsin,  1952. 

2.  Masters,  Jerry  R.  ,  "Photogrammetry  and  the  American  Cadastral  Sur- 
veyor,"  Photogrammetric  Engineering.  Vol.  XXVI,  No.  3>  June  I960, 

3.  King,  J.  E. ,  "Photogrammetry  in  Cadastral  Surveying,"  Photogrammetric 
Engineering.  Vol.  XXIII,  No.  3,  June  1957. 

4.  Clarke,  L.  E.  ,  "Photogrammetry  in  Preparing  Right-of-Way  Maps  and 
Deeds,"  Texas  Highways,  Vol.  VII,  No.  8,  August  I960. 

5.  National  Bureau  of  Standards,  "Report  on  Fairchild  Camera  Type  K-17, " 
Washington,  D.  C.  ,  June  1955. 


General  References 

1.  Blachut,  T.  J. ,  "Use  of  Photogrammetry  in  the  Legal  Survey  Project 
at  Alnwich, "  The  Canadian  Surveyor.  Vol.  XIV,  No.  8,  July  1959. 

2.  Burr,  Irving  W. ,  Engineering  Statistics  and  Quality  Control,  New  York, 
McGraw-Hill  Book  Company,  Inc.,  1953. 

3.  Cude,  William  C. ,  "Potential  Future  Use  of  Photogrammetry  in  Highway 
Engineering,"  Photogrammetric  Engineering,  Vol,  XXIII,  No,  3»  June 
1957. 

4.  Dawe,  H.  G.  ,  "Cadastral  Surveys  in  the  Middle  East,"  The  Canadian 
Surveyor.  Vol.  XIII,  No.  6,  January  1957. 

5.  Lehmann,  G,  V.  ,  "Report  of  the  Work  Hitherto  Achieved  by  Commission 
C  of  the  OEEPE, »  Photogrammetria.  Vol.  XII,  No.  3,  1955-1956. 

6.  Miles,  R.  D.  ,  "Considerations  on  Equipment,  Methods,  and  Standards 
of  Accuracy  Applicable  to  Aerial  Surveys  for  Different  Purposes," 
Highway  Research  Board,  Bulletin  157,  January  1957. 

7.  Moffitt,  Francis  H. ,  Photogrammet ry .  Scranton,  Pennsylvania,  Inter- 
National  Textbook  Company,  1959. 


65 


BIBLIOGRAPHY  (continued) 

8.  Pryor,  William  F. ,  "Photograrametric  Targets  for  Markers  of  Survey 
Control, "  Highway  Research  Board,  Bulletin  199,  January  1958. 

9.  Slessor,  D.  R. ,  "Use  of  Photogrammetry  on  a  Legal  Survey, "  The 
Canadian  Surveyor.  Vol.  XIV,  No.  8,  July  1959. 

10.  Struck,  Luis,  "The  Multiplex,  Kelsh  Plotter,  and  Wild  Autograph," 
Photogrammetric  Engineering,  Vol.  XVIII,  No.  1,  March  1952. 

11.  Trager,  Herbert  F. ,  "Photogrammetry  Applied  to  Cadastral,"  Surveying 
and  Mapping.  Vol.  XVI,  No.  1,  January  -  March  1956. 

12.  Van  Zandt,  F.  K. ,  "A  Photogrammetric  Cadastral  Survey  in  Utah," 
Photogrammetric  Engineering,  Vol.  XXV,  No.  U,    September  1959. 

13.  Zeller,  Dr.  M. ,  Text  Book  of  Photogrammetry.  London,  England,  H.  K. 
Lewis  and  Company,  1952. 


